The microscopic images of the blood cells are observed to find out many diseases.
Introduction
The microscopic images of the blood cells are observed to find out many diseases.
Changes in the blood condition show the development of diseases in an individual.
Leukemia can lead to death if it is left untreated. Based on some statistics it is found that the leukemia is the fifth cause of death in men and sixth cause of death in women.
Leukemia originates in the bone marrow. Each bone contains a thin material inside it which is also known as a bone marrow which is shown in the fig. 1 The cells in the bone marrow start changing and they get infected and become leukemia or infected cells. These leukemia cells are having strange properties than the normal cells. 2 Their growth is abnormal and survival time is more than the normal cells. They interrupt normal cells to carry out their work. After a certain amount of time normal cells die while leukemia cells don't. The old leukemia cells last for a long time and new leukemia cells produce in an abnormal way. The rate at which the leukemia cells progress is different according to the type of leukemia. Myeloid stem cell evolves into myeloid blast. Red blood cells (erythrocytes), white blood cells (leucocytes) and platelets are generated from the myeloid blast. Lymphoid stem cell also evolves and leads to the lymphoid blast which will finally generate white blood cells.
There exist five types of white blood cells in blood which are lymphocytes, myelocytes, neutrophil, basophil and eosinophil. In leukemia, abnormal white blood cells are being produced by the bone marrow. These abnormal white blood cells should die after some time but they don't and thus they become numerous in count. These numerous abnormal white blood cells interrupt normal white blood cells in doing their work.
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.1: Major elements of Blood

Elements Description
Red Blood Cells (RBCs or erythrocytes) Transport oxygen from the lungs to organs and peripheral site.
White blood cells (WBCs or leucocytes)
Defensive role in destroying invading organisms, e.g. bacteria and viruses and assist in the removal of dead or damaged tissue cells.
Platelets
Assist in the clotting process.
Plasma
Carries metabolites antibodies, proteins and nutrients involved in blood clotting. 4 
White Blood Cells
White blood cells are bigger in size than the red blood cells. The concentration and composition of the white blood cells provide some important information which helps us to find out many diseases. White blood cells can be categorized in to five types:
Neutrophil, Basophil, Eosinophil, Lymphocyte and Monocyte which are shown in the These granules overlie nucleus. The diameter of it is 9-10 μm. The diameter of it is 8-10 μm.
Types of Leukemia
Leukemia can be classified based upon how fast it becomes severe. Leukemia is classified as chronic or acute.
 Chronic Leukemia -Infected white blood cells perform like normal white blood cells and gradually it increases and becomes severe.
 Acute Leukemia -Infected white blood cells do not perform like normal cells and they increase rapidly in count and become severe. 6 We can also sub classify it based upon the stem cells generated from the bone marrow. 
Types Description
Acute Lymphocytic Leukemia (ALL) It develops in young children mostly.
It is also found in adults having age more than 60.
Acute Myeloid Leukemia (AML) It occurs in children as well as adults.
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Acute Lymphocytic Leukemia (ALL)
Acute Lymphocytic Leukemia (ALL) is produced when excessive amount of immature lymphocytes are produced in the bone marrow. These excessive abnormal lymphocytes will interrupt the normal cells to carry out their duties. ALL can lead to death if it is left untreated because the excessive abnormal lymphocyte cells are having some strange properties than the normal cells as these cells have to be died after certain amount of time but they won't unlike normal cells. The features of ALL are completely different than its 9 myeloid counterpart therefore ALL requires different treatment than AML. According to FAB classification, ALL can be divided into three subtypes: L 1 , L 2 and L 3 . According to WHO classification, ALL can be divided into three subtypes: pre-B, pre-T and mature-B.
Acute Myeloid Leukemia (AML)
Acute Myeloid Leukemia (AML) is produced in the white blood cells. When the nongranular white blood cells develop early and in the abnormal growth, it results in the AML. The blast cells in the bone marrow are developed to form granulocytes which is the white blood cells having small granules or particles. The blast in the stem cells which causes AML doesn't mature. These AML blasts become large in bone marrow and also in the blood. When these cells become large in number, the body cannot stop bleeding and cannot fight against infection. Therefore, the treatment of this disease becomes mandatory as soon as possible after the detection of this disease. To find out the appropriate treatment and the stage of the illness, we have to look at the blast cells in the bone marrow. These abnormal cells are going to be identified using the microscope by clinicians. Depending on the number of blast cells counted and the type of blast in the bone marrow, the disease is classified for the treatment.
The FAB classification was followed to diagnose the AML which is shown in the Table 1 (a) - Table 1 (b), after that the WHO classification came which is shown in Table 2 and now we use the morphological evaluation of the bone marrow and blood.
Chronic Lymphocytic Leukemia (CLL)
The Lymphoid blast in the lymphoid stem cells produces B lymphocytes and T lymphocytes. CLL affects the B lymphocytes. These B lymphocytes become abnormal in count in the bone marrow while having CLL.
Chronic Myeloid Leukemia (CML)
The granulocytes of almost all types of cells are increased while having CML. The matured Basophils, Myeloid cells and eosinophils are increased specifically in CML. 
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Bone Marrow
Bone marrow can be found inside some large bone in body. It is a special kind of a tissue which contains stem cells. Stem cells are the cells which are transformed into any kind of cells which our body requires. Stem cells are transformed into white blood cells, platelets and red blood cells each of them are having various types of roles to be performed to make the body healthy. Inside the tissue, immature stem cells with extra irons exist. When there are any cells in a body which are weak, abnormal or damaged then these cells need to be replaced with the new cells until this stem cells remain undifferentiated. The new cells need to be replaced to make the body healthy can be white blood cells, platelets or red blood cells. The blast in the stem cell makes myeloid stem cells and lymphoid stem cells. The myeloid blast in the myeloid stem cell makes red blood cells and platelets while the lymphoid blast in the lymphoid stem cell makes white blood cells. Figure 1 .5 shows how the bone marrow is taken out from the bone.
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Literature Review
In the literature, some has done a valuable work in making the automated system of detecting the leukemia from the microscopic image.
Madhloom [6] performed some image arithmetic operations and some threshold operations to find out the white blood cell nuclei. The challenging task in developing this system was the selection of an appropriate threshold for the segmentation. The threshold used in the system developed is not providing efficient result for the segmentation of white blood cells nuclei.
Kovalev [7] developed a system to classify five types of leucocytes from the blood image. In this process, he detected nuclei first and then applied a region growing techniques to find out the entire membrane. The results achieved were quite good.
Scotti [8] used some threshold operations, low-pass filter for the removal of background and clustering for white blood cells segmentation. Scotti tried to achieve a good segmentation results for the images which are taken under different lightening conditions. Piuri [9] performed white blood cell segmentation. He used edge detection technique for the each leucocyte. He used a neural network for the classification. He trained neural network by morphological features to recognize lymphoblast.
Halim [10] proposed an automated system which counts number of blasts in the microscopic blood image. He applied some threshold operation on S component of HSV color space to detect white blood cells from the image. The results achieved were quite amazing but the problem in the system is that no method is mentioned for selecting the optimum threshold for the better segmentation. There is no features extracted and no classifier has been used.
Mohapatra [11] applied clustering for white blood cells segmentation and extracted the features like shape, color, texture, fractal, Fourier descriptors and contour. The system 15 was trained to recognize Leukemia. The results achieved were quite good but the proprietary data set was used to achieve it therefore, it cannot be compared with other methods.
Donida Labati [12] proposed the data set including the blood samples of the normal patients and leukemia patients which found very helpful for our proposed system testing.
This data set is publicly available for the research purpose.
Blood cell Research
Some research related to the blood cell has been carried out to identify the blood cells automatically and then after it becomes easy to diagnose the patient. Some of the researchers have developed the system to correctly classify and identify the malaria parasite from the blood cells' microscopic images. The main challenge in developing this system was to segment the microscopic image. They used morphological approach in the developed system.
Liao and Deng [13] developed a system to segment white blood cells from the image.
They applied some threshold techniques and then after they applied contour identification. They have assumed that all cells are circular to make the algorithm works efficiently. Due to the assumption of the circular shaped cells, this system is not suitable for the lymphoblast cells which are irregular in shape.
Angulo et al. [14] proposed a system in which he proposed "two-stage blood image segmentation algorithm". They are using binary filtering and some automatic threshold techniques. This system performs well for extracting the nucleus, cytoplasm and nucleolus from the lymphocyte images. The two stage segmentation process has been applied here and because of this the computation time is higher. The images are taken under different lightening condition which makes difficult to choose the optimum threshold for segmentation.
Sinha et al. [15] proposed a scheme which segments the leucocytes automatically. He used EM algorithm and Gaussian mixture modeling. In this method, parameter tuning is not required. This is unsupervised approach. This scheme is not work for all stains.
Umpon [16] 
Image Processing Based Methods
Serbouti et al. [27] has used the classification and regression trees (CART) statistical software for the classification. The problem with this scheme is that the identification of the lymphocytes from the lymphoblast in the stem cells as we talked earlier is not proper.
Moreover there is no clarification about the features involved and the segmentation scheme.
Foran et al. [28] has invented a scheme to distinguish between the leukemia and the lymphoma. He has achieved an accuracy of 83% in this classification. This scheme has been tested on the 19 cases and found working properly but the problem with this scheme is the cases tested are small in number.
Scotti [29] developed a technique for the classification of Acute Lymphocytic Leukemia.
He tested this technique on 150 images and concluded that the lymphoblast can be detected easily with the help of morphological features. He used Otsu thresholding for segmenting images. For classifying the features, he has used feed forward neural network which may be the reason behind the low recognition power of the system.
Markiewicz et al. [30] researched on the bone marrow images and developed a system which can detect the myeloid blast cells in the bone marrow image shown in the figure 5.
The system works quite well for the recognition of the myeloblast up to certain extent but it has never been tested for the identification of the lymphoblast. Gupta et al. [35] developed a system using relevant vector for identifying lymphoblast.
The system identifies three types of lymphoblasts. This system works well for the ALL of children but not for ALL of adults. The problem with this system is that the Otsu's algorithm has been used for segmenting the lymphoblast which is not strong method.
Escalante et al. [36] invented a scheme for classifying the leukemia using the swarm model. The leukemia cells need to be isolated manually to make this system work. These 19 isolated cells are then segmented by Markov random fields. These segmented nucleus and cytoplasm are then used to find out features of the type of the leukemia i.e. AML vs.
ALL, AML subtyping and L 1 vs. L 2 . This scheme works well for the AML vs. ALL classification. The problem with this scheme is that we have to select the region of interest manually.
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Chapter 3
Problem Statement
It has been observed from the literature that much number of schemes have been developed in counting the blood cells automatically from the microscopic images. Many people are still working in the automated blood cells counting.
The literature on the leucocyte segmentation, it is noticed that large number of methods are only working on the extraction of nucleus but there are very few methods available which are extracting the cytoplasm and even with less accurately. The main reason behind the less accuracy in the cytoplasm extraction is that most of the researchers are using the grey level colour for the extraction of cytoplasm which is not easily separable from the other colours.
It is noticed in the literatures that different approaches are used for the white blood cells detection. Some have used KNN approach, threshold techniques, EM algorithm, Fuzzy rules, watershed transform, GVF model, trained neural network, Fuzzy c-mean clustering, computer morphometric system and many more.
From the literature studied, it has been observed that there are many ways we can make a better system for the identification of leukemia from the microscopic blood image. None of the researchers has used the K-mean clustering for the segmentation of the white blood cells from the microscopic blood image.
In this thesis, K-mean clustering approach has been used on the clean microscopic blood image followed by image cleaning and the extraction of the nucleus and cytoplasm with a good accuracy.
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Chapter 4
Proposed Work
The proposed system of automated leukemia detection from microscopic image is shown below in fig. 4 .1. 
Image Acquisition
Blood images of the good pixel quality are obtained from any nearest hospital.
Image Pre-processing
The acquired image may contain some noise. There may be a blurred region in the image which is important for our study. The noise is removed from the image using median filtering. Wiener filter is used to remove the blurriness in the image. Image cleaning also need to be performed. In the image cleaning, all the leucocytes which are at the edge of 22 the image and all the other components which are not leucocytes are to be removed for the better study. Solidity need to be measured for image cleaning. First, area and the convex area of each leucocyte need to be measured and then only we can find solidity for the image cleaning.
The image we have got is in the RGB form which is needed to be converted into the grey scale image for further processing.
Image Segmentation
In this phase our main aim to identify the white blood cells. There exist five types of white blood cells as discussed above but our main study is only on lymphocytes and myelocytes. So, we group only lymphocytes and myelocytes and other three white blood cells like neutrophil, basophil and eosinophil, are discarded from our images. We have applied K-mean clustering for the white blood cells detection. When we convert the images into the grey scales then the nucleus of white blood cells become the darkest region of the image. We have applied some technique for the identification of the grouped leucocytes which is discussed in section 4.3.1. After the identification process, cleaning of the image has been carried out which is discussed in section 4.3.2. Finally, the nucleus and cytoplasm are extracted from the lymphocytes which are discussed in section 4.3.3.
Identification of grouped leucocytes
One of the main problems in analyzing the blood image is the adjacent cells. If the cells are grouped or not separated from each other then we cannot study some of the features of cell. In the adjacent cells, their nucleus will be joined therefore we cannot find out area of the nucleus. We have to separate these grouped leucocytes before studying them further. There are so many methods available which are helpful to find out these grouped leucocytes from the blood image. We have used roundness measure to find out these grouped leucocytes. The reason we chose roundness is that we can identify grouped leucocytes just by analyzing the shape of them. Most of the cells will be round in shape but the grouped cells are not having the round shape. Roundness checks whether the shape is circular or not by excluding the local irregularities. Roundness can be gained by dividing the area of a circle to the area of an object by using the convex perimeter.
The value of roundness is 1 if the object is circular and the value of roundness is less than 1 for the non-circular objects. Roundness is not very much sensitive to the irregular boundaries because it excludes the local irregularities. After some well observations we found that the value 0.80 can be used as a threshold to properly distinguish between the single leucocyte and the groups of leucocytes. The components which are having the roundness value more than the value of threshold are considered as the individual leucocyte while the components which are having the roundness value less than the value of threshold are considered as grouped leucocytes. The individual leucocytes are sent next for the further study and the grouped leucocytes can be either sent to the separation process or just can be rejected from our further study. In our model, we reject these grouped leucocytes from our further study. 
Image cleaning
The main object which we study in microscopic image is the leucocytes. We need to neglect everything other than leucocytes from the image. When we take a picture of the blood there may be a case that some of the leucocytes are on the edge of the image therefore a portion of the leucocyte appears on the edge of the image. These partial leucocytes may create errors in the study. In the image cleaning process, all the objects which are not leucocytes and the leucocytes which are on the edge of the image are removed so that we can get better results. There are two operations which we need to perform here -"Cleaning the edge of an image" and "Remove abnormal objects". The first one is easier than the second one. We have to count the number of leucocytes. The If the solidity value is 1 then we can say it is a solid object. If the solidity value is less than 1 then we can say it is a component having irregular boundaries. The threshold value for solidity which is used for identifying the abnormal components can be obtained from the image which is having individual leucocytes only. After having so many experiments, value 0.90 can efficiently be used to find out abnormal components from the image. So, 0.90 is the threshold value for the solidity. The components which are having the solidity value less than the threshold are removed. In fact, the components having lesser value than the threshold are the components which are on the edge of the image which need to be discarded. 
Nucleus and cytoplasm selection
The leucocytes identified in above steps can now be used to extract the nucleus and cytoplasm. To carry out this step, we crop the image with the bounding box size. This size is the rectangle which can properly fit the component so that we can isolate each components of an image. We have to separate out each leucocyte by this method. The borders of every sub-image obtained like this have to be cleaned up before we proceed.
Now the portion outside the leucocyte has to be cropped which will help us in getting the cytoplasm. This method completely removes the artefacts. We have used Cseke's observation to find out nucleus in our method. The observation says that the white blood cells nuclei are more in contrast on the green component of the RGB color space. So, we can get nucleus by using the threshold. To get the cytoplasm we perform subtraction operation between 
Feature Extraction
In this phase we try to extract some of the features from the processed image. Here, we try to find out the features of the nucleus of myelocytes and lymphocytes. Feature extraction is the process of converting the image into data so that we can check these values with the standard values and finally we can differentiate between the cancerous and non-cancerous data. Some of the features which are necessary to be calculated are listed below. 
Image Classification
In or not infected class.
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Chapter 5
Experimental Results
The microscopic image has been sent to the proposed system. The system then gives the subsequent images as the result. The K-means clustering is applied on the figure 5.3 and we get three clusters:
Background, Red blood cells cluster and white blood cells cluster. Figure 5 .4 shows the background of the image. which is the nucleus of the cells.
The proposed system is tested by the different microscopic images and the accuracy is also calculated. The image dataset we have used here is ALL-IDB, proposed by Donida
Labati [12] . The images are different in many terms of lightening, magnification and resolution. Thirty-three images are fetched from the whole ALL-IDB dataset which are taken from the same camera and same lightening conditions. The proposed system also shows the percentage of the infection present in the blood image. 
Conclusion and Future work
The main focus of this thesis is to propose an automated system which can detect the leukemia from the microscopic image to improve the accuracy and reduce the time to detect than the manual approach. So many lives can be saved by using the proposed automated approach of leukemia detection.
Conclusion
The major part of this work is to segment the lymphocytes and myelocytes white blood cells for leukemia detection. The first phase of the proposed system is dealing with the image cleaning and noise removal for making the image ready for the further and accurate study. The second and major phase is the leucocytes identification from the image. The third phase is dealing with the nucleus and cytoplasm extraction from the image which can finally be used for the feature extraction in the last phase of the proposed system. This model has been tested against 33 images taken under same lightening condition and the accuracy achieved is 93.57%. We can also use the proposed system to find out the percentage of leukemia infection in microscopic image. We hope this approach will be beneficial for today's fast life and early detection of leukemia without any need of costly tests and with a better accuracy.
Future Scope
There are so many ways to make this system better in future. We can improve the segmentation scheme which can segment the overlapped cells also. There were found the use of multiple classifiers in some systems. We can also use multiple classifiers to improve the accuracy of the classification. Doing so will increase the cost but accuracy will also be improved. We can use parallel algorithm for the execution so that the execution time can be decreased.
